Introduction
A non-ef fi cient econ omy re gard ing nat u ral re sources, fast de ple tion of fos sil fuels, ex ten sive en ergy con sump tion and re sult ing dev as ta tion of nat u ral en vi ron ment form the fac tors which serve at pres ent as ba sis for restructurisation of power en gi neer ing market to in clude an in creas ing share of re new able en er gies. Amongst the re sources of renew able en ergy in Po land a sig nif i cant share goes to geo ther mal en ergy, which is available al most in the en tire coun try, and which can be used for heat ing pur poses. At pres ent in Po land there are geo ther mal power plants op er ated in Banska Nizna, Biaty Dunajec, Pyrzyce, Mszczonów, and Uniejów. In the do mes tic and for eign lit er a ture the knowl edge of the prob lems re gard ing ex ploi ta tion of geo ther mal re sources with high enthalpy for pro duc tion of elec tric ity is quite ex ten sive [1] [2] [3] . There is how ever a lack of data re garding uti li za tion of geo ther mal en ergy with me dium enthalpy for pro duc tion of elec tric ity.
There are two ways for utilization of steam from the hot geo ther mal re sources for elec tric ity pro duc tion: -direct vaporisation of geothermal water using the separator, and -indirect vaporisation of working fluid in the evaporator.
In the case of ex tract ing geo ther mal wa ter with high pres sure and tem per a ture, say at least 150-200 °C, one can use the sin gle-com po nent sys tem pre sented in fig.1 .
Geo ther mal wa ter from the extrac tion well is di rected to the decompressor-sep a ra tor, where it is de com pressed to the sat u ration pres sure cor re spond ing to tem per a ture of ex tracted geother mal wa ter, as a re sult of which the steam will be gen erated from steam. Such steam is di rected to the steam tur bine driv ing the gen er a tor. Af ter expan sion in the tur bine the steam un der goes tran si tion to the liquid state and to gether with the re main ing part of geo ther mal wa ter is pumped to the re turn well. Other ways of de sign of power plants and ther mal power plants with di rect va por iza tion of geo ther mal wa ter, which en sures better uti li zation of geo ther mal wa ter have been pre sented in [4] .
If tem per a ture of geo ther mal wa ter is smaller than 150 °C then a two-com po nent sys tem consist ing of a pri mary cir cuit with the ex tracted geo ther mal wa ter usu ally is used, which trans fers heat to the work ing fluid in the sec ond ary cir cuit in the preheater, evap o ra tor or some times in the superheater. Next, geother mal wa ter is di rected to the re turn well. A sam ple de sign of the low-tem per a ture power plant in pre sented in fig. 2 [4] .
Characteristics of geothermal power plants and their principles
In the case of low-tem per a ture cy cles a key is sue is the ad e quate se lec tion of the work ing fluid. In the course of se lec tion of work ing flu ids, for which the cal cu la tions have been per formed, the eco log i cal in di ca tors for the as sess ment of re frig er a tion flu ids served as prin ci pal guide lines. The flu ids have been se lected which have a low ozone deple tion potentiel (ODP) as well as a low global warm ing po ten tial (GWP). Ad di tion ally the range of op er a tion pres sure ra tio and avail abil ity of data for cal cu la tions have also been con sid ered. One of the pa ram e ters de scrib ing the thermophysical prop er ties of the low-boil ing fluid is the en tropy in dex I [5] , which de scribes the shape of the sat u ra tion curve in the pres sure -enthalpy di a gram. It has been as sumed that the pro cess of isentropic de com pres sion in tur bine takes place only in the super heated vapour re gion and that it starts or ter mi nates on the dew point curve. It re sults from that as sump tion that all con sid ered in the work cy cles can be di vided, with re spect to the en tropy in dex, into two vari ants: -variant A, when the entropy index I > 1, in such case the beginning of expansion is in the area of superheated vapour and the end of isentropic expansion falls onto the dew point curve, and -variant B, when the entropy index I < 1 -the beginning of expansion is on the dew point curve whereas the end of isentropic expansion is in the region of superheated vapour. Sche mat ics of con sid ered vari ants A and B in the op er ation of geo ther mal power plants have been pre sented in figs. 3 and 4, re spec tively, with marked tem per a tures T n of a low-boil ing fluid, temper a tures T g of geo ther mal wa ter, and tem per a tures T t of tech no log i cal re ceiv ers.
Par tic u lar thermodynamic pro cesses of real ised theo ret i cal Clausius-Ran kine cycles in the pres sure-enthalpy co-or di nate sys tem for both di a grams have been pre sented in fig. 5 . 
Results of calculations
In the case dis cussed above two vari ants of cal cu la tions have been performed for ef fi ciency and power, tak ing in ac count the in flu ence of pa ram e ters of geo ther mal wa ter for three low-boil ing flu ids and var i ous am bi ent tem per a tures.
In cal cu la tions it has been as sumed that: -maximum volumetric flowrate of geothermal water is V g = 100 and 200 m 3 /h, -maximum temperature of extracted geothermal water is T g1 = 70, 80, and 90 °C, and -condensation temperature of the low-boiling fluid varies in the range from 10 to 30 °C and is linked to the ambient temperature, which in the case of West Pomeranian region ranges from -4.1 to +18.4 °C [6] . For sim plic ity of cal cu la tions it has been as sumed that the mean spe cific heat of geo ther mal wa ter is c g = 3.8 kJ/kgK, and the mean den sity of geo ther mal wa ter is r g = = 1080 kg/m 3 . Ther mal, chem i cal, and exploitational prop er ties of low-boil ing flu ids have been as sumed on the ba sis of [7] and [8] . The in ter nal tur bine ef fi ciency has been as sumed in cal cu la tions to be h = 0.9. De tailed math e mat i cal model has been pre sented in [9] . It should be emphasised that the main pur pose of this study is to se lect com pa ra ble op er at ing con di tions for all flu ids, re gard less of their dif fer ent ther mo dy namic char acter is tics
On the ba sis of ob tained re sults of cal cu la tions con structed have been rel e vant di a grams il lus trat ing the in flu ence of tem per a ture of geo ther mal wa ter, a vol u met ric rate of geo ther mal wa ter, and con den sa tion tem per a ture of work ing fluid (de pend ent of the am bi ent con di tions) on the ef fi ciency and power of bi nary geo ther mal power plant for selected low-boil ing flu ids.
In figs. 8 and 9 the ther mal ef fi ciency of the real ob ject and tur bine in ter nal power for the flu ids R124, R227ea, and R600A are com pared, ob tained for the case of geo ther mal wa ter with tem per a ture of 90 °C and vol u met ric flowrate of 100 m 3 /h at var ious con den sa tion tem per a tures of the work ing me dium. From the di a grams stems a clear in flu ence of re duc tion of con den sa tion tem pera ture (am bi ent tem per a ture) both on the ther mal ef fi ciency of the real cy cle h t as well as on the tur bine in ter nal power N w as well as the in flu ence of the kind of ap plied low-boiling fluid. In the case of the R227ea fluid the tur bine in ter nal power N w sig nif i cantly exceeds the tur bine power at two other re main ing flu ids R600A and R124.
In figs. 10 and 11 the in flu ence of ex ter nal tem per a ture has been pre sented, which var ies in spe cific months, us ing the data from 1997, on the ther mal ef fi ciency of the real cy cle h t and tur bine in ter nal power N w .
Conclusions and prospective investigations
On the ba sis of anal y sis of ob tained re sults of cal cu la tions, for two pre sented vari ants of geo ther mal power sta tions, the fol low ing con clu sions can be for mu lated.
In or der to in crease the ef fi ciency and power ob tained in the con sid ered cases there must be in creased the tem per a ture of the up per heat res er voir and/or re duced temper a ture of the lower heat res er voir. In the first case it is pos si ble by com bi na tion of the cy cle with the gas tur bine ar range ment whereas in the sec ond case there can be ap plied an ad sorp tion heat pump. With re spect to the facts men tioned above as well as that in the pres ent work ana lysed has only been the in flu ence of three low-boil ing flu ids the sim i lar in ves ti ga tions will fol low for the case of other work ing flu ids and im ple men ta tion of com bined cy cled for uti li za tion of geo ther mal en ergy with in cor po ra tion of the gas tur bine and/or the heat pump.
Con ducted also will be the anal y sis with re spect to uti lize the geo ther mal heat for se lected tech nol o gies with a pre scribed de mand for the heat and also for heat ing purposes and prep a ra tion of util ity hot wa ter. This will en able a more ef fec tive uti li za tion of geo ther mal en ergy. 
